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We studied MRI findings in patients with symptomatic localization-related epilepsy (S-LRE) beginning in infancy and early
childhood and their relation to some clinical features. MRI findings were investigated in 183 patients with S-LRE beginning
before 6 years of age. S-LRE was defined as an epileptic syndrome manifesting with only partial seizures at least for a certain
period during the clinical course, having specific neuroimaging abnormalities considered to be related to epileptic seizures,
moderate or severe mental retardation, or cerebral palsy. The timing of injury was divided into the following four groups;
prenatal, perinatal, postnatal and unknown. It was presumed prenatal in 56 patients (31%), perinatal in 25 (14%), postnatal in
32 (18%) and unknown in 70 (38%). The median age at the onset of partial seizures was 24 months in the congenital (prenatal
and unknown) group, 39 months in the perinatal group and 25 months in the postnatal group. The onset of partial seizures was
later in the perinatal group than in the congenital group. There were no significant differences in the other clinical characteristics
among groups except for more frequent association of cerebral palsy in the perinatal group than in the congenital group. Our
study suggests that congenital (prenatal and unknown group) disorders may be most common in patients with S-LRE beginning
in infancy and early childhood. The onset of partial seizures occurred later in the perinatal group.
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INTRODUCTION
According to the International Classification of
Epilepsies and Epileptic Syndromes, symptomatic
epilepsies and syndromes are simply defined as those
considered to be the consequence of a known or sus-
pected disorder of the central nervous system1. There-
fore, symptomatic localization-related epilepsy (S-
LRE) includes various kinds of patients. Patients with
apparently or potentially epileptogenic brain lesions
are no doubt categorized as S-LRE. Patients with mod-
erate or severe mental retardation with partial seizures
are also usually included in S-LRE, even if there are
no identifiable brain lesions. Thus, the clinical picture
of patients with S-LRE has not been fully delineated.
MRI provides us with detailed information about
brain lesions. The aetiology of brain lesions will be
better understood as we accumulate knowledge of the
relation between MRI and pathological findings. It is
possible, to some extent, to determine when a brain in-
sult occurred to a patient from the MRI findings. The
aim of this study was to determine the timing of the
brain insult of patients with S-LRE beginning in in-
fancy and early childhood on the basis of MRI findings
and to reveal their clinical features.
PATIENTS AND METHODS
The subjects of this study were recruited from the
patients with epilepsy who visited the Departments of
Paediatrics, Nagoya University Hospital or its affili-
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ated four hospitals, between April and August 1999,
where specialized paediatric neurologists were work-
ing. One of the university-affiliated hospitals is a
specialized centre for disabled children and the oth-
ers are general hospitals. There were 220 patients S-
LRE beginning before 6 years of age. S-LRE was de-
fined as an epileptic syndrome manifesting only partial
seizures, at least for a certain period during the clini-
cal course, meeting at least one of the following condi-
tions; specific neuroimaging abnormalities considered
to be related to epileptic seizures, moderate or severe
mental retardation, or cerebral palsy. Those who pre-
sented initially with generalized epileptic syndromes
or undetermined epilepsy with both generalized and
partial seizures were included when they developed
partial seizures before 6 years of age. A large majority
of the patients had focal or multifocal epileptiform dis-
charges in interictal EEGs. Of those patients without
epileptiform discharges in their interictal EEGs, only
those whose seizure manifestations showed apparent
focal features were included.
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Fig. 1: Brain malformation. (a) Bilateral diffuse pachygyria.
Gyral formation is simplified in the bilateral hemispheres.
(b) The same patient as (a); note the small size of
supratentorial structures compared with that of cerebellum.
(c) Bilateral localized cortical dysplasia; atrophic appearance
in the bilateral frontal lobes (arrows). (d) Unilateral localized
cortical dysplasia. pachygyric appearance in the left lateral
frontal lobe (arrow).
MRI was performed in 183 of these patients at
each hospital using different systems and conditions.
All the MRIs included at least axial T1- and T2-
weighted images. MRI was obtained with a super-
conductive magnet operating at 0.5 T or 1.5 T. T1-
and T2-weighted images were mostly performed using
a spin-echo sequence with TR/TE = 350–450/14–20
and TR/TE = 1800–2000/120–140, respectively, al-
though the MRI acquisition sequences and scanners
were not uniform among the patients. MRI was eval-
uated by two of the authors (AO and YI). The me-
dian age at MRI was 71 months (25–75 percentile, 39–
133 months). MRI was not performed in 37 patients,
most of whom were older and had been followed up
since before the MRI era.
We assessed the timing of brain injury on the ba-
sis of MRI findings and clinical histories. The tim-
ing of injury was divided into the following four
groups; prenatal, perinatal, postnatal and unknown.
In addition to various kinds of brain malformation
and phakomatoses, remarkable brain atrophy or var-
ious unclassifiable abnormalities without evidence of
postnatal insult were included in the prenatal group.
Dysembryoplastic neuroepithelial tumours were also
included in the prenatal group because this lesion is
considered to be a developmental disorder2. The peri-
natal group was categorized by previously described
criteria3, 4. All patients with lesions classified into
the postnatal group had a consistent history. Patients
with an arterial infarction without any episode beyond
the neonatal period were also included in the perina-
tal group, whereas those with an apparent postnatal
episode were categorized in the postnatal group. Tu-
mours except for dysembryoplastic neuroepithelial tu-
mour were also classified in the postnatal group. The
unknown group included cerebellar atrophy or small
abnormal high intensity areas, because it is uncertain
whether these findings were causally related to the
epilepsy in these patients. None of the patients in the
unknown group had a history of central nervous sys-
tem infection, head trauma, vascular disorder or other
events which could contribute to brain injury.
The following clinical characteristics of the patients
were investigated by the attending paediatric neurolo-
gists; age at onset of partial seizures, family history of
epilepsy, association with febrile seizures, presence or
absence of mental retardation, cerebral palsy and pre-
ceding epilepsy and frequency of partial seizures at the
onset and at the last follow-up.
Statistical analyses were performed by means of the
Kruskal–Wallis test for numerical variables and a chi-
squared test for categorical ones. Dunnett’s test was
used for multiple comparisons between the control and
the other groups if the Kruskal–Wallis test revealed a
significant difference among groups. Statistical signif-
icance was accepted at the level of P < 0.05.
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Fig. 2: Perinatal lesions. (a) Parasagittal infarct. The
T1-weighted image demonstrated atrophic change in the
bilateral occipital areas. The T2-weighted image revealed
high intensity areas in the same regions. Note that these
changes are seen predominantly in subcortical white matter
(arrows). (b) Periventricular leukomalacia. Mild
ventriculomegaly is seen on the T1-weighted image. Note
that high intensity areas on the T2-weighted image are
located in periventricular white matter; (c) Post-haemorrhagic
porencephaly complicated by hydrocephalus. Marked
ventriculomegaly with severely reduced volume of white
matter is observed. Periventricular parenchymal
haemorrhage followed by progressive hydrocephalus was
confirmed by ultrasonography during the neonatal period;
(d) Middle cerebral artery infarct. Porencephalic lesion in the
area where blood is supplied by the middle cerebral artery.
RESULTS
The timing of injury was determined to be prenatal in
56 patients (31%), perinatal in 25 (14%), postnatal in
32 (18%) and unknown in 70 (38%).
The median age at the last follow-up was 128
months (25–75 percentile, 77–195 months). The me-
dian interval between the onset of partial seizures and
the last follow-up was 98 months (25–75 percentile,
47–163 months).
Prenatal group (n = 56, Fig. 1)
Brain malformation was observed in 27 patients
(15%), tuberous sclerosis in 13 (7%) and Sturge-
Weber syndrome in five (3%), dysembryoplastic neu-
roepithelial tumour in five (3%) and other unclassi-
fiable abnormalities in six (3%). Among those with
brain malformations, bilateral lesions were seen in
16 patients and unilateral ones in 11. Bilateral le-
sions consisted of cortical dysplasia or pachygyria
in 10 patients, heterotropic grey matter in two,
colpocephaly associated with agenesis of the corpus
callosum in two and congenital hydrocephalus in 2.
Unilateral lesions included focal cortical dysplasia or
pachygyria in six patients, unilateral megaloencephaly
in four and schizencephaly in one.
Perinatal group (n = 25, Fig. 2)
A parasagittal infarct was seen in eight patients (4%),
an arterial infarct in eight (4%), post-haemorrhagic
porencephaly in five (3%) and periventricular leuko-
malacia in 4 (2%). All the patients with parasagit-
tal infarcts or arterial infarcts were full-term infants,
whereas all of those with post-haemorrhagic poren-
cephaly or periventricular leukomalacia were pre-term
infants whose gestational age was 34 weeks or less.
All infants with post-haemorrhagic porencephaly were
complicated by post-haemorrhagic hydrocephalus.
Postnatal group (n = 32, Fig. 3)
Infection-related lesions were observed in nine
patients (5%). Six of them had bilateral and
widespread lesions and the other two unilateral but
widespread lesions. Only one with a brain absess had
a unilateral and localized lesion. Ischaemic lesions
were found in six patients (3%). Four of them had ar-
terial infarcts and the other two experienced anoxic
events followed by bilateral parasagittal gliosis. Tu-
mours were seen only in five patients (3%). An as-
trocytoma, ependymona and hamartoma were found
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Fig. 3: Postnatal lesions. (a) Atrophic changes subsequent to group B streptococcus meningitis. Ventriculomegaly with marked
atrophy is seen in the bilateral parieto-occipital area. (b) Atrophic change subsequent to subdural haematoma. Atrophic change
with mild ventriculomegaly is observed in the right temporoparietal area. No abnormalities are seen in the left hemisphere.
(c) Multifocal atrophic change subsequent to septic meningitis. Atrophic changes are located chiefly in the subcortical white
matter.
in one patient each, respectively. The pathology in the
other two was uncertain. Traumatic lesions (hemibrain
atrophy subsequent to subdural haematoma) were rec-
ognized in two patients (1%), mesial temporal scle-
rosis in two (1%) and unclassifiable lesions in eight
(4%).
Unknown group (n = 70)
No MRI abnormalities were found in 64 patients. Four
patients had abnormally high intensities in the deep
white matter on the T2-weighted image without any
other morphological changes. The other two had cere-
bellar atrophy without supratentorial abnormalities.
For further analyses, prenatal and unknown groups
were combined into a ‘congenital group’, because the
epilepsy of patients in the unknown group is presum-
ably of congenital origin.
The clinical variables of the patients are summa-
rized in Table 1. The median age at the onset of par-
tial seizures was 24 months (25–75 percentile, 10–
39 months) in the congenital group, 39 months (24–
47.5 months) in the perinatal group and 25 months
(13.3–41 months) in the postnatal group (Fig. 4). The
onset of partial seizures was later in the perinatal group
than in the congenital group (P < 0.01). Associa-
tion with a febrile seizure was present in 48 patients
(26%). The rate of patients with febrile seizures was
not significantly different between groups. There was
no significant difference among groups in the rate of
patients with a family history of epilepsy and that of
patients with moderate or severe mental retardation.
The rate of patients with cerebral palsy was signifi-
cantly higher in the perinatal group than in the con-
genital group (P < 0.01). Preceding epilepsy was ob-
served in 17 patients (9%); West syndrome in 15, early
infantile epileptic encephalopathy in one, and non-
specific symptomatic generalized epilepsy in one. The
rate of patients with preceding epilepsy was not dif-
ferent between groups. Seizure frequency at the onset
was weekly or more in 76 patients (42%). The percent-
age of patients with weekly or more seizures was not
different between groups. Seizure freedom longer than
1 year was achieved in 61 patients (33%). Six patients
(five in the congenital group and one in the perina-
tal group) experienced the recurrence of seizures after
a remission of more than 3 years. The percentage of
patients with a seizure freedom longer than 1 year was
not different between the groups.
DISCUSSION
S-LRE is the most common group of medically in-
tractable epilepsies in children as well as in adults.
However, there have been few studies on the incidence
of lesions in patients with S-LRE beginning in infancy
and early childhood, despite the fact that some studies,
utilizing MRI, revealed that tumours and disorders of
cortical development are most frequent among adult
patients with LRE5. Our study elucidated some cross-
sectional aspects of S-LRE beginning in infancy and
early childhood, although our study is not population
based and could be subject to referral bias. Among
the five participating hospitals, one university hospi-
tal and one specialized centre for disabled children
were included. Thus, the subjects of this study were
likely to be biased toward more severe cases. This may
have contributed to the poor seizure outcome and the
frequent association of mental retardation or cerebral
palsy in our study.
The present study demonstrates that brain malfor-
mation and phakomatosis are common among children
with S-LRE when the unknown group is excluded.
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Table 1: Clinical characteristics of the patients.
Congenital Perinatal Postnatal Total
n = 126 n = 25 n = 32 n = 183
FH of epilepsy 14 (11%) 0 3 (9%) 17 (9%)
FS 32 (25%) 7 (28%) 9 (28%) 48 (26%)
Mental retardation 76 (60%) 10 (40%) 15 (47%) 101 (55%)
Cerebral palsy 28 (22%) 17∗ (68%) 14 (44%) 59 (32%)
Preceding epilepsy 11 (9%) 4 (16%) 2 (6%)
WS 9, EIEE 1, SGE 1 WS 4 WS 2 17 (9%)
Sz frequency at onset 57 (45%) 5 (20%) 14 (44%) 76 (42%)
(weekly or more)
Sz free >1 year 40 (32%) 9 (36%) 12 (38%) 61 (33%)
FH. family history; FS, febrile seizure; Sz, seizure; WS, West syndrome; EIEE, early infantile epileptic encephalopathy; SGE, symptomatic
generalized epilepsy.
∗ P < 0.01 perinatal vs. congenital.
Tumours were seen in only 3% of our patients. As
epilepsy in patients in the unknown group is likely to
be of prenatal origin, ‘congenital’ disorders are con-
sidered to be most common in S-LRE beginning in in-
fancy and early childhood.
The onset of partial seizures was earlier in the con-
genital group than in the perinatal group. This is con-
sistent with our previous study that showed that the
onset of LRE was often after 2 years of age in patients
with perinatal injury6. This may also suggest that an
interval is necessary for epilepsy to develop after a
brain injury has occurred. The postnatal group showed
a wide range of age of onset. This may reflect that
postnatal injury responsible for epilepsy can occur at
any time after birth. An association rate with febrile
seizures was between 25 and 28 % in our patients. It is
remarkably higher than that in the general population,
which is estimated at 2–7 %7–10 or even that in patients
with childhood onset epilepsy, which is reported to be
10–15 %11–13. The reason for this difference is unclear
but our patients are likely to represent a more severe
group of patients with epilepsy who are susceptible to
seizure precipitation due to fever.
The seizure outcome of our patients with S-LRE
was poor. Only one-third of patients achieved seizure
freedom longer than 1 year in any group. This is
consistent with previous studies that demonstrated
the unfavourable seizure prognosis of patients with
S-LRE14, 15. Some aggressive management including
epilepsy surgery might be considered. However, the
majority of our patients had cerebral palsy and/or pro-
found mental retardation. Bilateral lesions were not
uncommon. As a result, only a small proportion of
patients with S-LRE would be a candidate for epilepsy
surgery.
In conclusion, our study demonstrated that a con-
genital aetiology is most common among patients with
S-LRE beginning before 6 years of age. However, a
population-based study with MRI will be necessary to
elucidate precise features of these patients.
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Fig. 4: Age at the onset of partial seizures in each group.
MRI in symptomatic localization-related epilepsy 571
REFERENCES
1. Commission on Classification and Terminology of the Interna-
tional League Against Epilepsy. Proposal for revised classifi-
cation of epilepsies and epileptic syndromes. Epilepsia 1989;
30: 389–399.
2. Prayson, R. A., Morris, H. H., Estes, M. L. and Comair, Y. G.
Dysembryoplastic neuroepithelial tumor: a clinicopathologic
and immunohistochemical study of 11 tumors including MIB1
immunoreactivity. Clinical Neuropathology 1996; 15: 47–53.
3. Okumura, A., Hayakawa, F., Kato, T., Kuno, K. and Watanabe,
K. MRI findings in patients with spastic cerebral palsy. I: Cor-
relation with gestational age at birth. Developmental Medicine
and Child Neurology 1997; 39: 363–368.
4. Okumura, A., Kato, T., Kuno, K., Hayakawa, F. and Watanabe,
K. MRI findings in patients with spastic cerebral palsy. II: Cor-
relation with type of cerebral palsy. Developmental Medicine
and Child Neurology 1997; 39: 369–372.
5. O’Brien, T. J., Kazemi, N. J. and Cascino, G. D. Localization-
related epilepsies due to specific lesions. In: Epilepsy. A Com-
prehensive Textbook (Eds J. Engel Jr and T. A. Pedley).
Philadelphia, Lippincott-Raven, 1997: pp. 2433–2446.
6. Okumura, A., Hayakawa, F., Kato, T., Kuno, K. and Watanabe,
K. Epilepsy in patients with spastic cerebral palsy: correlation
with MRI findings at 5 years of age. Brain and Development
1999; 21: 540–543.
7. Annegers, J. F., Hauser, W. A., Shirts, S. B. and Kurland, L. T.
Factors prognostic of unprovoked seizures after febrile convul-
sions. New England Journal of Medicine 1987; 316: 493–498.
8. Forsgren, L., Sidenvall, R., Blomquist, H. K. and Heijbel, J. A
prospective incidence study of febrile convulsions. Acta Pae-
diatrica Scandinavica 1990; 79: 550–557.
9. Tsuboi, T. Epidemiology on febrile and afebrile convulsions
in children in Japan. Neurology 1984; 34: 175–181.
10. Leviton, A. and Cowan, L. D. Epidemiology of seizure disor-
der in children. Neuroepidemiology 1982; 1: 40–83.
11. Berg, A. T., Shinnar, S., Levy, S. R. and Testa, F. M.
Childhood-onset epilepsy with and without preceding febrile
seizures. Neurology 1999; 53: 1742–1748.
12. Camfield, P., Camfield, C., Gordon, K. and Dooley, J.
What types of epilepsy are preceded by febrile seizures? A
population-based study of children. Developmental Medicine
and Child Neurology 1994; 36: 887–892.
13. Hamati-Haddad, A. and Abou-Khalil, B. Epilepsy diagnosis
and localization in patients with antecedent childhood febrile
convulsions. Neurology 1998; 50: 917–922.
14. Koo, T. S. and Holmes, G. L. EEG and clinical predictors of
medically intractable childhood epilepsy. Clinical Neurophys-
iology 1999; 110: 1245–1251.
15. Kotagal, P., Rothner, A. D., Erenberg, G., Cruse, R. P. and
Wyllie, E. Complex partial seizures of child onset. A five-
year follow-up study. Archives of Neurology 1987; 44: 1177–
1180.
